The effect of seedling age and of the time of greening on the incorporation of 1-'4C-acetate into lipids by isolated barley (Hordeum vulgare cultivar Svalof's Bonus) plastids was examined. The fatty acid synthesizing capacity of plastids isolated from 5-day-old seedlings did not increase markedly from zero to 36 hours of greening nor was a light stimulation of fatty acid synthesis observed. However, an increasing capacity for fatty acid synthesis and an increasing light stimulation of this process with greening were attained by the plastids isolated from 7-, 9-, and 11-day-old seedlings.
changes which occur in the plastids. It is well known that formation of photosynthetic lipoprotein membranes accompanies an increase in polyunsaturated fatty acids in the lipids (2) . In previous publications (2, 3) this laboratory has described the changes in lipid content of wild type barley and 10 xantha mutants employing intact tissue systems. This report will describe the results obtained when wild type barley plants, grown in the dark for different periods of time and greened for various lengths of time, are employed as a source of chloroplasts. The capacity of these isolated plastids to incorporate 1-4C-acetate into lipids has been determined.
MATERIALS AND METHODS
Plant Material. Seeds of barley (Hordeum vulgare cv. Svalbf's Bonus) were germinated in complete darkness in trays containing moist vermiculite at 23 C and a relative humidity of 70 to 80%. The trays were sprayed daily witn tap water. The dark-grown seedlings of various ages were greened with white light either at intensities of 320 ft-c (Gro-Lux, Sylvania; TL 33, Philips) or 2 ft-c (TL 33, Philips) as indicated. The upper 50 mm of the primary leaves were used for the isolation of plastids from 5-, 7-, and 9-day-old dark-grown seedlings. Since the upper 10 mm of the primary leaf of 11-dayold dark-grown seedlings failed to green when placed in light, the terminal 15-mm portions of the leaves were removed, and the next 50 mm were employed. The primary leaves of seedlings grown for 5 days in the dark remained inside the coleoptile even after 16 hr of illumination at high light intensity. No attempt was made to remove the coleoptile from these plants prior to plastid isolation.
Isolation of Plastids. The leaf tissue was sliced cross-wise into 5-to 10-mm pieces and immediately placed in cold grinding medium. Two milliliters of grinding medium was used for each gram fresh weight of tissue in all the plastid preparations. Tissue and grinding medium were placed in a mortar lined with nylon (180 mesh), and the tissue was then ground by rotation of a large pestle which was wrapped with the same type of nylon net. Grinding was completed within 1 to 2 min. The lining of the mortar with nylon greatly facilitated quick removal of large cell debris by lifting up the nylon, while the nylon covered pestle increased the efficiency of grinding. The homogenate so obtained was filtered through a nylon net of 280 mesh which removed intact cells. The filtered homogenate was centrifuged for 5 min at 1375g, the supematants were decanted, and the pellets were resuspended in a known volume of the grinding medium. As a standard procedure 0.3 ml of grinding medium was used per gram fresh weight of leaf tissue for final suspension of plastid pellets. All the operations were carried out at 0 to 4 C. Preliminary investigations showed that the nylon stocking technique of No-bel (12) with a mesh of 50 resulted in poor yields of plastids from barley leaves.
The number and the ratio of whole to broken plastids were monitored by phase contrast microscopy with the use of a hemacytometer. Investigations were made on the relation of the intactness of isolated plastids and the type of medium used for their preparation, employing media described by Jensen and Bassham (9) , by Walker (17) , and by Shephard et al. (13) . Furthermore the effect of pH and osmolarity of the grinding medium on (8) . The radioactivity of the isolated lipids was determined by a Beckman scintillation system, employing a scintillation fluid containing 4 g of PPO, 200 mg of POPOP, 60 g of naphthalene, 20 ml of ethylene glycol, 100 ml of methanol, and 800 ml of dioxane.
Thin layer and gas liquid chromatographic analyses were performed as described by Appelqvist et al. (2) . Acetyl CoA carboxylase activity was measured by the method of Burton and Stumpf (6) .
RESULTS AND DISCUSSION
Effect of Plastid Differentiation on Incorporation of Acetate into Lipids. Earlier results with isolated barley chloroplasts have already defined the cofactor requirements for maximum incorporation of 1-w"C-acetate into long chain fatty acids (1). Thus ATP, CoA, bicarbonate, and Mg'+ are components of the system. Light stimulates the incorporation of acetate (1, 11, 14. 16) . The results presented here confirm these observations. The 1-"C-acetate incorporation into lipids of isolated chloroplasts proceeds linearly in the first 30 min of incuba-' Abbreviation: DTT: dithiothreitol. Appelqvist et al. (2) carried out an extensive investigation on the relation of chloroplast development and lipid biosynthesis in barley leaves. They observed a low level of "C-labeled acetate incorporation into leaf lipids in detached etiolated leaves, which increased considerably during the greening process. These and other observations made it worthwhile to examine the capacity of plastids, isolated from leaves at various stages of greening, to incorporate 1-"C-acetate into long chain fatty acids. As illustrated in Table I our technique of determining this capacity gave reproducible results. In Table II data are summarized which demonstrate that the capacity of plastids to incorporate I-"C-acetate into lipids is related to both the extent of greening and the age of the tissue. Furthermore, the stimulatory effect of light, not observed in the very initial stages of illumination, only became apparent after at least 6 hr of exposure to light. Thereafter, the light effect became increasingly pronounced in correlation with the rise in chlorophyll content in 7-and 9-day-old plants. The plastids isolated from 5 day dark-grown barley seedlings showed a low capacity to incorporate 1-"C-acetate even after greening for 36 hr with 320 ft-c. Since light only slightly stimulated I-"C- 
There is now good evidence that ATP can readily enter and leave an intact chloroplast (7) , but whether or not the reduced nucleotides can be as readily transported remains questionable. Thus, these experiments do not rule out the role of light in the generation of reduced nucleotides necessary for fatty acid synthesis.
The development of chloroplasts in 7 day dark-grown plants illuminated with 2 ft-c is markedly slow in terms of chlorophyll synthesis and the capacity to incorporate 1-14C-acetate into lipids (Table III) . Thus, in experiment 1 the tissue greened for 24 hr at low light intensity yielded chloroplasts with an 1-'4C-acetate incorporating capacity that was attained in chloroplasts from leaves illuminated for less than 6 hr under high light intensity (cf. (3) . No improvement in the capacity of the isolated plastids to incorporate acetate into lipids is observed when the dark-grown seedlings are illuminated with 2 ft-c for 24 hr (Table IV) .
Distribution of '4C-Label in Membrane and Stroma Fractions. After incubation of isolated wild type plastids with l-14C-acetate, the radioactivity distributed both in the lamellar systems and in the stroma (Fig. 2) . During early stages of greening, the chloroform-methanol extractable substances of the stroma showed higher incorporation of 1-"4C-acetate than those of the membrane fraction. In the later greening stages the re- (10) . Fifty to 70 per cent of the aC-label in the stroma from plastids isolated during early stages of greening was accounted for by 6-methyl salicylic acid. The incorporation of 1amlC-acetate into membrane lipids of the lamellar systems increased with plastid maturity and most of the label resided in palmitic and oleic acids. This idnin agreement with the observations made by Appelqvist e" al. (2) that during early stages of greening about 75% of the total incorporated a-cC-acetate in intact leaves appears in steroids and other unsaponifiable lipids.
The i-atC-acetate incorporated into membrane lipids by isolated plastids from 7 day dark-grown plants is distmobuted among a number of comple lipids as summarized in Table V . There was a marked increase in the incorporation of 1-alC-acetate into digalactosyl diglyceride of chloroplast lame7ae during greening. The light stimulated nefold the incorporation of 1-'"C-acetate into digalactosyl diglyceride of the lamellar system in mature chloroplasts.
Plastids from 7 day dark-grown plants greened for 24 hr with high light intensity incorporate 1-l"C-acetate primarily into galactolipids of the lamellar systems and little if any into 6-methyl salicylic acid ( Fig. 2 and Table V) . In contrast to these observations, the plastids from 7 day dark-grown plants greened for 24 hr with 2 ft-c incorporated significant amounts of "C from acetate into phospholipids and sulfolipids and large amounts into 6-methyl salicylic acid (Table VI) . The "C labeling in digalactosyl diglyceride increased strikingly concomitant with a sharp decline in labeling of 6-methyl salicylic Table V . Distribution ofl-4C-Acetate in theDifferent Lipid Classes of the Lamellar Fraction of Plastids The plastids were isolated from 7 day dark-grown plants at various stages of greening at 320 ft-c. After feeding 1-"4C-acetate either in the dark or light, the plastids were ruptured by osmotic shock, and the stroma was removed by high speed centrifugation.
The lipids of the pellet were extracted with chloroform-methanol (1:1) and analyzed by thin layer chromatography as described in (2 Figure 3 shows that acetyl CoA carboxylase activity decreases as the barley leaves elongate and age in the dark. Upon illumination with 320 ft-c, the amount of detectable enzyme activity in the leaves of 5 and 7 day dark-grown seedlings drops rapidly to a value similar to that found in older leaves. These results suggest either the existence of an inhibitory factor of acetyl CoA carboxylase which is present separate from the enzyme in vivo and accumulates during greening or a drastic reduction of the enzyme level during leaf elongation.
From the data presented we conclude that plastids during development increase their capacity to synthesize long chain fatty acids from 1-"C-acetate. However, considering the type of lipids and of fatty acids labeled in vitro and those labeled in vivo during chloroplast development, the isolation of plastids seems to favor the function of certain more stable enzymatic pathways with a loss of the presumably more sensitive systems.
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